procedure to obtain lymphoblast extracts produced more concentrated enzyme extracts with higher specific activities.
By performing the assay in the presence of various concentrations of ornithine, we confirmed that AGAT is inhibited by ornithine, as reported previously (7 ) . This observation may be of clinical interest in conditions of hyperornithinemia. Decreased brain creatine has been observed in patients affected with gyrate atrophy of the choroid and retina (McKusick 258870). It has been suggested that in this condition the high concentrations of ornithine caused by the inherited deficiency of ornithine-␦-aminotransferase inhibit AGAT and, thus, creatine biosynthesis (8 ) . In addition, in hyperornithinemia-hyperammonemia-homocitrullinuria syndrome, creatine excretion has been shown to be low (9 ) In our in vitro assay, the amount of ornithine formed posed no problem. Inhibition became significant at an ornithine concentration of ϳ0.1 mmol/L (93% remaining activity), whereas during incubations over 20 h, at most 3 nmoles of ornithine were formed (0.015 mmol/L).
It is known that creatine regulates AGAT at the pretranslational level. We investigated whether creatine also inhibits AGAT activity directly. We observed no inhibition of AGAT by creatine at concentrations up to 5 mmol/L.
In conclusion, we present a sensitive and specific enzymatic assay for AGAT that enables enzymatic diagnosis of AGAT deficiency. It may help in the diagnosis of more patients with AGAT deficiency. Early recognition and treatment may effectively prevent neurologic damage (1 ).
Serum fructosamine is used to monitor short-term (1-3 weeks) average glycemia (1, 2 ) , but controversy remains whether it is influenced by the serum concentrations of albumin (3, 4 ) , IgA (5, 6 ) , or monoclonal IgA (7, 8 ) . We recently demonstrated glycation of monoclonal IgA and the presence of IgA-albumin complexes (9 ) , but the relationship between the glycation of monoclonal IgA and the IgA-albumin complexes was not clear.
In this study, we measured immunoglobulin-albumin complexes, serum fructosamine, and the glycation of immunoglobulin in patients with monoclonal proteinemia and in patients with polyclonal hyper-IgA.
We obtained serum samples from 40 patients with M-proteinemia with no history of diabetes and whose plasma glucose concentrations were Ͻ1. Serum fructosamine was measured at 37°C in an automated analyzer (JCA-RX 10 Clinalyzer; Japan Electron Optics Laboratory) with reagents from Roche Diagnostics Corporation.
Serum protein electrophoresis was performed on agarose gels. Immunoelectrophoresis was based on the method of Scheidegger (10 ) . Fructosamine was detected on agarose gels by incubating the gel for 30 min at 37°C with a 2ϫ concentration of a fructosamine reagent.
IgA was isolated from serum with use of a jacalinagarose (Funakoshi Corporation) column (11 ) and 0.8 mol/L galactose to elute the IgA. The IgA fraction was dialyzed against 0.2 mol/L Tris-HCl buffer (pH 8.0), concentrated by ultrafiltration, loaded on a DEAE-Sephacel (Amersham Pharmacia Biotech) ion-exchange column, and eluted with a linear gradient of 0 -0.5 mol/L NaCl in the 0.2 mol/L Tris-HCl buffer.
Sera were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), with or without 2-mercaptoethanol (2-ME), and electrophoretically transferred to polyvinylidene difluoride (PVDF) membranes (12 ) . Immunostaining was performed with rabbit polyclonal antisera (Dako) as first antibodies and peroxiClinical Chemistry 49, No. 5, 2003 dase-conjugated goat anti-rabbit IgG (Dako) as second antibody.
To detect fructosamine on PVDF membranes, we blocked the membranes for 60 min at room temperature in buffer containing 30 g/L bovine serum albumin. After washing, the membranes were incubated for 30 min at 37°C with a 2ϫ concentration of the fructosamine reagent.
Differences between the groups were verified by the Student t-test. Correlations were studied by means of the Pearson correlation coefficient.
Serum fructosamine concentrations were higher in patients with IgA-type The sera from the patients with IgG-or IgM-type M-proteinemia had fructosamine only at the position of albumin, but 11 of 13 sera with IgA-type M-proteinemia stained for glycoprotein at the position of the M-protein band as well as the albumin band (Fig. 1 in the Data Supplement that accompanies the online version of this Technical Brief at http://www.clinchem.org/content/ Vol49/issue5/). Sera from the patients with polyclonal hyper-IgA did not stain for glycoproteins at the position of IgA but did stain at the position of the albumin band.
IgA--type M-protein also reacted with albumin-specific antiserum (Fig. 1) . The same abnormal precipitin arcs were observed in 11 of 13 sera from patients with IgAtype M-proteinemia that were glycosylated at the position of M-protein band. Moreover, the mobility of the abnormal precipitin arcs corresponded to the position of the glycated M-protein band. The patients' albumin had a macromolecular mass Ͼ300 kDa, as determined by immunostaining using anti-albumin serum after SDS-PAGE without 2-ME.
The abnormal precipitin arcs for albumin disappeared when antisera specific for human albumin or IgA (␣-chain specific) were incubated for 37°C for 30 min with the purified IgA-type M-protein (at a ratio of 6:1 by volume) and supernates were concentrated by ultrafiltration. The immunoelectrophoretic patterns of the sera from patients with IgG-or IgM-type M-proteinemia or with polyclonal hyper-IgA showed no abnormal precipitin arcs with albumin.
After SDS-PAGE with 2-ME, macroalbumin was not detected by immunostaining with anti-albumin serum, and IgA-type M-proteins stained for fructosamine at ϳ55 kDa, which corresponded to the ␣-chain, and also at 25 kDa, which corresponded to the light chain, in 11 of 13 cases. Sera from patients with IgG-or IgM-type Mproteinemia or with polyclonal hyper-IgA showed fructosamine glycosylation only at 65 kDa, which corresponded to albumin (Fig. 2 in the Data Supplement that accompanies the online version of this Technical Brief at http://www.clinchem.org/content/vol49/issue5/).
To investigate the possibility that monoclonal IgA was glycated in the presence of glucose, we incubated a patient's serum that had no fructosamine glycosylation at the M-protein band with d-glucose at 10 or 20 g/L. Incubation of the monoclonal IgA serum with 10 or 20 g/L glucose at 37°C for 60 min produced no fructosamine at the position of the monoclonal IgA band on electrophoresis, but increased the fructosamine at the position of albumin band (Fig. 3 in the Data Supplement).
Glycohemoglobin is an accepted measure of long-term average glycemia. Because nonenzymatic glycation also affects other proteins (13 ), glycated albumin or total glycated protein (fructosamine assay) can be used as a measure of short-term, average glycemia (1, 2 ) . Wahid et al. (14 ) stated that serum fructosamine is useful as a maker of 5-year risk of developing diabetes mellitus in patients exhibiting stress hyperglycemia; however, the dependence of fructosamine concentrations on the concentrations of albumin and total protein has been reported (15) (16) (17) (18) (19) . Montagna et al. (7 ) and Nakamura et al. (8 ) reported that nondiabetic patients with IgA-type M-proteinemia have significantly increased serum fructosamine. We also found that the fructosamine concentrations in patients with IgA-type M-proteinemia were significantly higher than the fructosamine concentrations in patients with IgG-or IgM-type M-proteinemia. By staining for fructosamine after electrophoresis, we demonstrated that this is the result of an increase in glycated monoclonal IgA, i.e., 84.6% of the patients with IgA-type M-proteinemia had increased fructosamine at the monoclonal IgA bands, and fructosamine was detected in both the heavy and light chains.
The two patients with IgA-type M-proteinemia who did not have fructosamine at the M-protein band had lower IgA values than did the 11 patients with IgA-type Mproteinemia. This suggests that glycation of IgA molecules may be related to the high IgA concentrations [mean (SD), 18.5 (16.4) g/L]. The sera from the patients with polyclonal hyper-IgA had fructosamine only in the albumin band. Thus, glycation of IgA molecules appears to be unique to monoclonal IgA.
It is interesting that the macroalbumin complexes that were composed of IgA and albumin were detected in all sera from patients with IgA-type M-protein containing fructosamine at the M-protein band (11 of 13). The IgAalbumin complex was absent from the sera from patients with IgG-or IgM-type M-proteinemia as well as from the sera from patients with polyclonal hyper-IgA. Moreover, monoclonal IgA that was not associated with albumin was not glycated, although the glucose concentration in the patient's serum was increased. Thus, a major factor in the glycation of IgA was the binding to albumin. Because the half-life of albumin is longer (15-19 days) (20 ) than the half-life of human IgA molecules (6 days) (21 ), the halflife of monoclonal IgA that binds albumin is longer, and this could increase the glycation of the monoclonal IgA.
Why is the monoclonal IgA glycosylated and not the polyclonal IgA? The mean IgA concentrations (18.5 g/L) in patients with monoclonal IgA were clearly higher than the IgA concentrations (5.1 g/L) in patients with polyclonal IgA. Among the patients with IgA concentrations Ͻ10 g/L, 3 of the 5 patients with monoclonal IgA had IgA-albumin complexes, but none of the 15 patients with polyclonal IgA had IgA-albumin complexes (Fig. 4 in the Data Supplement). Moreover, serum IgA is present in several polymeric forms, ranging from monomers to pentamers. In normal human serum, the monomeric form usually predominates, but in monoclonal IgA serum, the relative amount of each polymeric form varies. Polymerization of the monoclonal IgA might therefore play an important role in its interaction with albumin. This idea is supported by the fact that the IgA-albumin complexes had a macromolecular mass Ͼ300 kDa.
The formation of IgA-albumin complexes has been noted previously (22) (23) (24) (25) . Tomasi and Hauptman (23 ) examined 49 IgA myeloma sera and found that 65% had IgA-albumin complexes, suggesting that albumin was bound predominantly to dimeric IgA.
Why is the abnormal precipitin arc for albumin faster than that for IgA on immunoelectrophoresis? Serum protein electrophoresis usually separates the various components of blood protein into bands or zones according to their electrical charges. The isoelectric points of immunoglobulins are 6.4 -7.2, whereas that of albumin is 4.8 (26 ) . It can be considered that the abnormal precipitin arc for albumin in the IgA-albumin complexes moves faster than that for IgA because of the acidity of the albumin.
In conclusion, our findings throw doubt on the clinical utility of fructosamine as a measure of hyperglycemic status in patients with IgA-type M-proteinemia.
